The authors formulate the closed-form expressions of the generalised moment generating function (G-MGF) for the k − m extreme distribution, which enables one to calculate important metrics of wireless communications systems. The derived formula is utilised to evaluate the performance of communication systems under k − m extreme fading channels, such as energy detection in terms of area under the receiver operating characteristic curve and outage probability in interference limited scenarios.
G-MGF of the k − m extreme distribution: The G-MGF of a random variable X is defined as [5] f (n)
where f X (x) is the probability density function (PDF) of X. The PDF of the instantaneous SNR over k − m extreme distribution is described as [2] f g (g) = 2m
gḡ e −2m(1+(g/ḡ)) I 1 4m
where m denotes fading severity, I 1 ( · ) is modified bessel function [7, Eq. (8.406 .1)], and d( · ) is the Dirac delta function. Now, we can formulate the G-MGF of the k − m extreme distribution as below
For n ≥ 1, the Dirac delta function can be ignored and the latter integral can be reformulated with the aid of [7, Eq. (6.643.2)]. Then, the alternative expression can be also described by using [7, Eq. (9.220.2)] as
where M m, n ( · ) and 1 
Performance analysis for energy detection: Energy detection is the sensing method of distinguishing the presence or absence of an unknown signal, by comparing the energy of the received signal with a predefined threshold l [4] . To analyse the performance of energy detection, ROC and area under the ROC curve (AUC) [9] are mainly used as metrics, which are defined by the detection probability P d and the false alarm probability P f . The metrics P d and P f can be described as [9] 
where Q u ( · , · ) is the generalised Marcum Q-function [10, Eq. (13.1.
2)] and u can be obtained through multiplying the one-sided bandwidth by the observating duration. Since the ROC curve depicts P d according to P f , we need P d which can be obtained with the aid of [5, Eq. (14)] as
However, ROC curve is not suitable for comparing two energy detectors whose performance curves are crossing each other and not able to encapsulate P d and P f at once. Hence, the AUC was proposed as an alternative metric [9] . The AUC is calculated by integrating the area under the ROC curve as
The AUC can be also easily formulated by G-MGF as [5, Eq. (22)]
Outage probability for maximal ratio combining (MRC) systems with interference: In this section, we evaluate the outage probability of L-branch using MRC with N interferences. We assume that the channel of the desired signal is affected by the k − m extreme distribution and the interference channels undergo Rayleigh fading. We consider the outage as the case that the signal-to-interference ratio (SIR) goes below a given threshold g th . Then, the outage probability can be formulated as
where G is SIR, F Y ( · ) and f X ( · ) are the cumulative density functions of the output intefering signal and the PDF of the desired signal, respectively. Then, the outage probability is evaluated by the G-MGF as [5, Eq. (28) ]
where J denotes the number of different interfering signal with power P i , i = 1, . . . , J , n i is multiplicity of P i , i.e. J i=1 n i = N , g m describes the power of the desired signal at mth receive antenna, t(l, L) and A ij are defined as [5] 
where Numerical results: In this section, the applications based on the G-MGF, the average AUC and the outage probability, are evaluated over the k − m extreme fading in various conditions. Fig. 1 shows the average AUC with respect toḡ when u = 1, 5. As can be seen in the Fig. 1 , the average AUC increases as m increases. We can also check that the AUC performance is degraded for higher u.
In Fig. 2 , we analyse the outage probability with interference under MRC systems. We assume that the number of receive antennas L = 2, 4, the number of interfering signal N = 4 and the number of different interferences J = 2 with n 1 = 2, n 2 = 2. The corresponding interfering power P 1 , P 2 are 0.1, 0.4, respectively, which are normalised by the threshold g th . Trivially, we can observe that as the number of receive antennas increases, the outage probability decreases. Moreover, Fig. 2 also shows lower outage probability with higher m parameter.
Conclusions:
In this Letter, we have derived novel closed-form formulas of the G-MGF for the k − m extreme distribution. By exploiting the derived formulas, we have analysed energy detection scenarios with AUC curve and evaluated the outage probability of the system using MRC with inferences.
